Three experiments were conducted using a total of 84 ewes to determine the effects of bilateral or unilateral insertion of intrauterine threads on fertilization rate and unilateral insertion on embryonic survival. In experiment I bilateral insertion of intrauterine threads significantly reduced the proportion of ewes with fertilized ova 3 days after mating. Intrauterine threads inhibited fertilization without shortening the lengths of estrous cycles immediately prior to mating. In experiment 11 the presence of an intrauterine thread ipsilatcral, but not contralateral, to the side of ovulation significantly reduced the proportion of ewes with fertilized ova 3 days after mating. Twelve days after mating (experiment I11) the pregnancy rate of ewes ovulating on the ovary ipsilateral to the intrauterine thread was approximately one-half that of the ewes in sham operated or contralateral groups. The results of these experiments indicate that the major antifertiiity effect of intrauterine threads in ewes is an inhibition of fertilization when ovulation occurs ipsilateral to a uterine horn containing the thread. The experiments failed to provide evidence that the intrauterine threads modify the uterine environment in a manner that would cause early embryonic mortality.
INTRODUCTION
suggested that early embryonic mortality is a major factor limiting reproductive efficiency in farm animals and that ~The author thanks Barbara Spennetta for assistance in conducting the experiments. unknown defects in the genital environment can cause embryonic death. Because of the inability to predict the occurrence of embryonic mortality in untreated animals, experimentally induced embryonic mortality has been studied in attempts to understand its natural causes.
In rats, mice and subhuman primates changes in the uterine environment that lead to embryonic mortality can be brought about by inserting intrauterine devices (IUDs) (reviewed by El Sahwi and Moyer, 1970; Eckstein 1970 Eckstein , 1971 Segal and Atkinson, 1973) . In ewes, however, IUDs that distend the uterus inhibit fertilization and initiate the uterine luteolytic function which in turn shortens the functional lifespan of the corpus luteum (Ci.) ((; inther et al., 1965 (; inther, 1968; Itawk, 1965 Itawk, , 1967 Itawk, , 1969 . Therefore, ewes treated with uterus distending IUl)s would not be useful for studying induced emryonic mortality. A previous report from this laboratory showed that IUDs similar to those used in rats and consisting of strands of nylon suture material (hereafter referred to as intrauterine threads) exerted an antifertility effect in ewes without altering the length of the estrous cycle (French, 1976) . The differences between the observed effects of intrauterine threads and uterus distending IUDs on lengths of estrous cycles suggested that there could also be differences in the way other aspects of the antifertility effect were brought about. If the antifertility effect involved an action on the preimplantation embryo, then ewes with intrauterine threads would be useful models for determining how alterations in the uterine environment cause embryonic death. The objective of these experiments was to determine the stage of the reproductive process during which intrauterine threads exert antifertility effects in ewes.
MATERIALS AND METHODS
The IUDS utilized in all experiments were single strands of nylon suture, .3 mm in diameter. The uterus was exposed by midventral laparotomy on day 3 of the estrous cycle (estrus = day 0), and a long, blunted surgical 1429 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 6 (1979) needle with a 15 cm length of suture attached was inserted through the uterine wall at a point midway between the internal and external bifurcations of the uterine horns. The needle was passed up the uterine lumen to a point approximately 1 cm from the uterotubal junction and then out through the uterine wall. The suture was then attached to the outside of the uterine wall with a single stitch. In place, the intrauterine thread consisted of a single strand of suture lying free in the uterine lumen except at its point of attachment near the uterotubal junction. Sham-operated animals were subjected to the same procedure except the intrauterine thread was removed immediately after insertion.
In all experiments, estrous behavior was checked daily to determine the length of the cycle in which surgery was performed (first estrous cycle) and any subsequent estrous cycles. Five ewes in experiment 1 had first estrous cycles of less than 14 days in length and were allowed to complete additional cycles before mating. All other ewes in experiments 1, I1 and III were bred to each of the two rams of proven fertility at the first estrus after surgery. At the time of necropsy (3 days after mating in experiments I and II and 12 days after mating in experiment 111), oviducts and ovaries were examined and ewes with adhesions that could have interfered with ovum transport were excluded from the study. The decision to exclude animals on this basis was made before the reproductive tract was examined for embryos. In experiments !, II and III, two, zero and three sham operated, and three, one and two intrauterine thread-treated ewes, respectively, were excluded because of adhesions.
In experiment I, 16 ewes of mixed breeding were assigned to a sham-operated group and 20 to an intrauterine thread-treated group. Intrauterine threads were placed into both uterine horns. Three days after mating, the oviducts were removed, flushed with a small volume of saline and flushings were examined for the presence of ova. If ova were not recovered from the oviduct, then flushings from the uterine horns were examined.
In experiment II, intrauterine threads were inserted into one uterine horn only. Eight ewes were sham operated, eight received a thread in the left uterine horn and eight in the right uterine horn. Other aspects were the same as in experiment 1.
Experiment 111 utilized aged western ewes in poor condition. Fifteen ewes were sham operated, and 30 received intrauterine threads in one uterine horn (approximately one-half of the ewes had threads in the left uterine horn and one-half in the right). Twelve days after mating the uterine horns were removed and separated, and the flushings from each were examined for the presence of embryos.
Lengths of estrous cycles were analyzed by Student's t test in experiment I and by analysis of variance in experiments II and III. The proportions of ewes pregnant at necropsy were analyzed by chi-square in a 2 • 2 contingency table for experiment I and by 3 • 2 contingency tables for experiments II and III (Snedecor and Cochran, 1967) .
RESULTS AND DISCUSSION
In experiment I the effects of intrauterine threads on lengths of estrous cycles were similar to those described previously (French, 1976) . Although four ewes in the intrauterine threadtreated group and one in the sham-operated group had first estrous cycles of less than 14 days in length, all other ewes had estrous cycles of normal duration. The mean length of estrous cycles immediately prior to mating in intruaterine thread-treated ewes was not different from that of sham-operated ewes (table 1) . Unilateral insertion of intrauterine threads in experiments I1 and III did not result in any abnormally short estrous cycles (see footnote of table 2).
In experiment 1 the proportion of ewes with fertilized ova w~s lower (P<.025) in the intrauterine thread-treated group than in the shamoperated group. The number of blastomeres in fertilized ova ranged from two to 16 and was alncludes only ewes from which ova were recovered. Five ewes in each group were not included because of death, failure to recover eggs, or adhesions (see Materials and Methods). chi-square = 6.35, P <.025, I df. aThe lengths of estrous cycles prior to mating (X +-SE) for sham operated, intrauterine thread contralateral, and intrauterine thread ipsilateral to the side of ovulation were respectively 17.6 -+ .6, 17.5 -+ .6, and 17.1 +-.5 for experiment I1 and 17.3 +-.3, 17.2 +-.7, and 17.9 +-.4 for experiment III.
bRefers to position of intrauterine thread at necropsy.
Clncludes only ewes from which ova were recovered. Three ewes treated with intrauterine threads were not included due to adhesions (see Materials and Methods) or failure to recover eggs. Chi-square = 7.4, P<.025, 2df. dThree sham operated and six intrauterine thread-treated animals were excluded because of adhesions or because of ovulations on both ovaries. Chi-square = 2.7, ns, 2 df. eChi-square = 7.9, P<.025, 2 df. not different between groups. The major antifertility effect of bilateral intrauterine threads appeared to be inhibition of fertilization. However, the proportion of ewes with fertilized ova (5/15) was somewhat higher than expected based on a previous report (French, 1976) where only one pregnancy occurred in 28 matings of 18 ewes treated with intrauterine threads. This observation suggested that the intrauterine threads may have had effects in addition to inhibition of fertilization.
Based on the low fertilization rate in experiment I, it was apparent that ewes with bilateral intrauterine threads were not useful models for the study of embryonic mortality. Since Hawk and Cooper (1975) had shown that injections of estradiol-17/3 at the time of mating increased sperm transport, an attempt was made to increase the fertilization rate in intrauterine thread-treated ewes. Ten ewes were treated with intrauterine threads and one-half were given an injection of 30 ~tg of estradiol-17~ immediately after mating. The proportion of ewes with fertilized ova 3 days after mating was 0 of 5 and 1 of 5 for the intrauterine threadtreated and intrauterine thread plus estradioltreated groups, respectively.
The intrauterine threads used in experiment 1 and the uterus distending IUDs used by Hawk (1965 Hawk ( , 1967 Hawk ( , 1969 produced similar effects on fertilization. One difference, however, is that uterus distending 1UDs initiate the uterine luteolytic mechanism and alter the lengths of estrous cycles (Ginther et al., 1965 (Ginther et al., , 1966 Ginther, 1968; Hawk, 1965) . From the results of experiment I and French (1976) , it is concluded that the ability of IUDs to inhibit fertilization in ewes is not dependent on uterine distention or the ability to alter the lengths of estrous cycles. Hawk (1965 Hawk ( , 1967 demonstrated that unilateral insertion of uterus distending IUDs inhibited fertilization in both uterine horns of the ewe. Since bilateral intrauterine threads produced less pronounced effects on the estrous cycle, uterine histology and fertilization rate than uterus distending IUDs (experiment I; French, 1976; Hawk, 1965) , it was of interest to determine if a unilateral intrauterine thread would cause only a unilateral inhibition of fertilization. If fertilization did occur in the uterine horn contralateral to the intrauterine thread, then this experimental model might be used to study induced embryonic mortality.
FRENCH
An analagous system has been of value in rodents with conjoint uterine lumens (occurs naturally in the mouse and by surgical anastomosis in the rat) where a unilateral intrauterine thread causes embryonic mortality in both uterine horns (Doyle and Margolis, 1966; Marston and Kelly, 1969a,b; Batta and Chaudhury, 1968a,b) .
In experiment II (table 2) the proportion of ewes with fertilized ova 3 days after mating was less (P<.025) when the thread was ipsilateral to the side of ovulation than when it was contralateral or not present (sham operated). In experiment I11 (table 2) the presence of an intrauterine thread contralateral to the side of ovulation had no effect on the proportion of ewes pregnant 12 days after mating. Even though pregnancy rate of ewes ovulating on the ovary ipsilateral to the intrauterine thread was approximately one-half that of the sham operated or contralateral groups, chi-square analysis of experiment III failed to show statistical significance. The low fertility observed in experiment 111 may have been a reflection of the advanced age and poor conditions of the ewes. When the results of experiments 11 and III were combined (table 2), a significant reduction in pregnancy rate was demonstrated only when the intrauterine thread was located ipsilateral to the side of ovulation.
The finding that fertilization rates in ewes that ovulated on the side contralateral to the intrauterine thread were similar to that of sham-operated ewes differs from the results obtained with uterus distending IUDs. Brinsfield and Hawk (1969) have shown that in the estrous ewe an IUD in one born caused the majority of contractions in both horns to move toward the cervix rather than toward the oviduct. The alteration in pattern of uterine motility probably accounts for the inhibition of sperm transport and fertilization observed in ewes with uterus distending IUDs. If the inhibition of fertilization observed with intrauterine threads involved similar effects on uterine motility, then the results of the present experiments indicate that uterine distension is not required to reverse uterine motility patterns and that each uterine horn can respond independently to the presence-of a foreign body.
In a number of species, the presence of an IUD is thought to produce changes in the uterine environment that are detrimental to blastocyst development and survival (Marston and Kelly, 1969b; Joshi and Kraemer, 1970; El Sahwi and Moyer, 1971; Parr and Shirley, 1976; Hurst et al., 1977) . The present experiments did not provide evidence to support a similar effect in ewes. The combined results of experiment 11 and IlI showed a unilateral antifertility effect which seemed to be explainable solely on the basis of inhibition of fertiliztion when ovulation occurred ipsilateral to the intrauterine thread. The embryos that were recovered from intrauterine thread-treated ewes (experiment lid showed no macroscopically visible alterations in development that would indicate a post-fertilization antifertility effect. Although the experiments did not examine the effects of intrauterine threads after the 12th day of pregnancy, Hawk et al. (1974) showed that insertion of uterus distending IUDs after mating allowed some sheep embryos to survive to necropsy at 120 days of gestation even when the fetal membranes were in direct contact with the device.
